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Abstract 
This paper proposes an average modeling of LED dimming circuits controlled by an indirect sliding mode technique. The circuit and 
control parameters that affect a multiple LED dimming system’s stability are studied. The dimming system comprises two output-
capacitorless buck converters and each converter connected to two strings of LEDs as a load. These dimming buck converters are 
connected to a 48 V power source via an LC filter to reduce the input ripple current. It is known that fast response dc-dc converter might 
lead to unstable operation of the system due to its negative input resistance characteristic. This paper investigates the control parameters 
of the sliding control that affect dynamics of a DC bus due to the change of the operating point of LED. The theoretical model is validated 
through experimental results obtained from the test bench. 
 
© 2016 The Authors. Published by Elsevier B.V.  
Peer-review under responsibility of the Organizing Committee of iEECON2016. 
 
Keywords: LED; stability; dimming; buck converter 
1. Introduction 
In the future, energy from fossil fuels is running out. Therefore, research on new energy sources called renewable energy 
has been conducting enormously. One of the main power sources to produce energy is solar energy. Solar PV inherently 
generates dc power. In DC microgrid, several dc lines have been linked by different sources and loads to form the microgrid 
[1]. From literature [2]-[3], it is concluded that low voltage system (48V) gives optimal performance in the residential dc 
system. For commercial facilities, medium voltage level, 400 V, offers the highest operating efficiency. The 48 V dc 
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systems offer 15-22% and 10-11% improvement over conventional ac system in operating efficiency for residential and 
commercial systems respectively. The stability of a dc-dc converter fed by a dc source via an LC filter has been studied by 
many researchers. Stable operation of the system may occur due to an interaction between the filter and the tightly 
controlled converter [4]. Many research works have been carried out to reduce energy loss in an electronics system, and to 
get better performance. It is a way to solve the global warming problem. Illumination is the one that should be considered. 
Light emitting diodes (LEDs) are the best of choice for lighting applications to replace the traditional incandescent and 
fluorescent light bulbs. The LEDs are widely adopted in lighting due to their environment-friendly features and small space 
occupation. Moreover, the LED has a longer lifetime, low power consumption, fast respond and high efficiency. However, 
due to current concentration and heat generation, the maximum brightness of high power LED is limited. The brightness of 
an LED lighting system always needs adjusting under different work conditions.  
2. Converter and control 
2.1 Converter 
In this paper, two buck converters shown in Figure 1 operate under continuous conduction mode (CCM) are considered. 
They are connected to a dc source of 48 V via an LC input filter. Unlike a conventional buck converter, the buck converter 
we used does not have any bulk output capacitor. It is well known that capacitor has short lifetime when compared with 
other devices in the circuit. The lifetime of an electrolytic capacitor is about 5000 hours and the estimated useful lifetime of 
LEDs is about 50000 hours [5]. In order to extend the expected lifetime of LED drivers, the electrolytic capacitor should be 
removed from the circuits. 
 
 
 
 
 
 
 
 
Fig.1  LC input filter and buck converter 
Considering Fig. 1, we can establish an averaged model as: 
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2.2 Controller 
Controlled system using a linear controller usually relied on the linearized model and then the closed loop dynamic of the 
system might depend on the system’s operating point. In this paper, we have applied a nonlinear controller, which is indirect 
sliding mode control [6] to control the system. The sliding surface kth Sk  is defined in (2) to force the kth buck inductor 
current ݅௅௞  tracking its reference ܫ௥௘௙௞  where k=1, 2, 3,…, n. The integral term with a control parameter ܭ݅ is used to 
guarantee zero static error. 
ݏ௞ ൌ ݅௅௞ െ ܫ௥௘௙௞ ൅ ܭ݅ ή ׬ሺ݅௅௞ െ ܫ௥௘௙௞ሻ݀߬  (2) 
The dynamic of the sliding surface is chosen as an exponential response with a control parameter ߣ: 
ݏ௞ሶ ൌ െߣݏ௞  (3) 
The time derivative of the sliding surface is: 
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Equating (3) and (4), one gets: 
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The control parameter λ is can be considered as a speed attraction coefficient of the sliding mode control. Finally, we got 
duty cycle: 
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  (7) 
The block diagram of the proposed controller has been depicted in Fig. 2. 
3. Stability analysis 
The stability can be obtained by evaluating the eigenvalues of the system. To ensure a stable cycle, one possible solution 
is to study the value of the eigenvalues evaluated in the steady state. In this paper, the considered converters operate in the 
continuous conduction mode. And a state vector ܺ א Թ଺ is defined as follows:  
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where ݔҧ  indicates the average value of the state variable x on one switching period. The state vector X verifies the 
differential equations detailed in the right hand of (8) where the given ߠ௞ is the duty cycle ݀௞ associated with switch Sk. The 
present averaged model is used to analysis stability of the controlled system. The Jacobian matrix of this system is found 
and then it is used to find eigenvalues of the system. Stable and unstable modes for different values of both gain Ki and 
current reference Iref  can be found using a MATLAB Program. It is shown that when the sum of current reference Iref_total for 
the two buck converters is higher than 1.95 A, all eigenvalues are not negative and then, the controlled system becomes 
unstable. 
 
Fig.2 Block diagrams current controller via indirect sliding mode method 
4. Experimental result 
To validate the proposed electrolytic capacitor-less LED dimming buck converters and the control algorithm, a test bench 
system was implemented in our laboratory. The MOSFETs FQP7N80C is chosen. The control is realized using with 
MATLAB-Simulink software and then it is programmed into a TMS320F28335 DSP. The circuit and control parameters 
used in this paper are voltage source ݒ௦= 48 V, switching frequency ௦݂= 50 kHz, inductor filter ܮ௙ = 200 µH, capacitor filter 
ܥ௙= 10 µH, ܮଵ=ܮଶ= 4 mH, ݎ௅ଵ=ݎ௅ଶ=3.7 Ω, inductor filter resistance ݎ௙ = 0.3 Ω, source resistance ݎ௦ = 0.59 Ω, Ki = λ  = 
8000, and LEDs are Z-power W4218. Fig.3(a) shows waveforms of the system, which are voltage of the capacitor filter vf , 
input current if, inductor current iL1  and iL2 when Iref_total is 0.5 A. Vf  has a small ripple. The averaged values of input current 
if and inductor current iL1  and iL2 are constant. In this case, the system is stable. When current reference is set to 1.5 A 
shown in Fig.3(b) The input current if and buck inductor current are still constant. And then, we increase, the current 
reference Iref_total toward 1.95 A, shown in Fig.3(c); the system is unstable. The peak buck inductor current is almost 2.5 A, 
the filter capacitor voltage vf  contains high ripples (60 V). Fig.3(d) show a step response of the system due to the step of the 
current reference Iref_total from 0.5 A. to 1.95 A to show the stable operation zone and unstable zone. One can see that the 
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system operates under a stable zone where the inductor current follows its current reference. The all signals have small 
ripple components. The input voltage and the capacitor voltage is constant. Then, the current reference is changed from 0.5 
A to 1.95 A. One can observe that the system became unstable. It also contributes to the voltage and current of the input 
filter including buck inductor currents. The unstable zone can be predicted closely to the experimental results. This can be 
used as a guideline to chosen the suitable values of control parameters. 
 
    
(a)                                                                      (b)         
                         
(c)                                                                               (d) 
 
Fig.3 (a) Waveforms of the controlled system when Iref_total = 0.5 A, (b) Waveforms of the controlled system when Iref_total = 1.5 A, 
  (c) Oscillate waveforms occurring when Iref_total = 1.95 A, (d) System behavior for a step of Iref_total from 0.5 A to 1.95 A 
5. Conclusion 
This paper proposes an averaged modeling of LED dimming buck converter circuits controlled by an indirect sliding 
mode technique. The amplitude modulation is used to dim the output light level LEDs. Circuit and control parameters that 
involve an LED dimming system’s stability are considered. This dimming circuit is powered by a 48 V lighting grid via an 
LC filter to reduce the input ripple current. With the high bandwidth current loop, the system leads to unstable operation. 
This paper shows that the current level of the LEDs relates to stable and unstable operations. Theoretical averaged model is 
validated through experimental results obtained from the test bench using two strings of 5 Z-power W42182 LEDs.  
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